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INVESTIGATING WASTE OFL DISPOSAL BY DIRECT INCINERATION 


1. INTRODEETION 


I. Background. The Facilities Engineering Directorate at Aberdeen Proving 
Ground (APG). Maryland. initiated a program in 1968 to dispose of generated waste 
abby blending with a Ne. 6 Fuel Oit (Federal Specification VV-F-BISC). Approxi- 
mately 1.000 callons of waste ol have been consumed each vear in this manner at the 
main APG powerhouse facility. Sinee No.6 Fuel Oil is a relatively viscous product. no 
problems were encountered with the waste oil disposal system. In August 1972. it was 
reported that APG would be changing from No.6 to No. 2 Fuel Oi) (Federal Specifica- 
tion VV-F 8I5C) asa result of aie pollution abatement legislation restricting the level 
of sulfur inthe fuel Because of the obvious difference in properties (other than sulfur 
content) between No. 2 and No. 6 Fuel OU this office became concerned that con- 


tindance of the waste oil disposal system could: 


@ cause stratification and/or sedimentation problems due to the 
difference in gravity (waste oil is generally higher than No, 2 
Fuel Oil) leading to potential malfunctioning of the burner 
nozzles. 


@ create excessive stack emissions exceeding the air pollution 
standards either due to improper combustion (i.c.. nozzle 
deposits) or from the composition/concentration of the 
waste product itself, 


In April 1903. this office conducted an initial waste oil incineration program 
atthe main powerhouse facility (Bldg. 345) at APG. The stack emissions, monitored 
by US Army Environmental Hiv giene \genes (VET) emissions specialists, were mea- 
sured while No, 2 Fuel Oiband No. 2 Fuel Off containing approximately 1% waste oil 
were burned." Tn summary. there was no sienifieant difference in the emissions levels 
between the neat fuel and the fuel adulterated with waste oil, Furthermore. the APG 
facihty engineer reported that incineration of this mixture did not create any burner 
nozzle maintenance problems. There were. however, several shortcomings tn this initial 
program. Since the mixing of the waste oil with the base fuel oil was extremely diffi- 
cult to control, only an estimate of the percent of waste oil reaching the burner during 
the steady-state emisstons test could be obtained, Also. the low concentration of 
waste olf may not have been a signifieant contaminant when compared to the tank- 
bottom residue of the No.6 Fuel Oil remaining in the main storage tank from previous 


! Gb. DeBono, “livestaating Waste Od by Combustion, CCL interim Report No 3008, ADD No. TT29011, 
January 1974. 


sears. Finally. the tutroduced waste oil generated at APG was not considered to be 
representative of ty preab waste oils dae to its unusual lightiess (ie. low viscosity. high 
APT eravity low ashoete). An analysis of this waste oil compared with other waste otf, 
reported inthe literature brings attention to this point (Table 1). Vrevtew of the 
results of this initial emissions test. the physical arrangement of the burner-bodler sv» 
tem. and the aty pieal propertios of the waste oil indicated the need fora second com- 
bustion-cmissions program to establish bascline parameters for this waste oil disposal 
system. This report describes the results of the second combustion-cniisstons test con: 
ducted at APG. 


Fable f. Comparison of APG Wiste Oil with Other Sources 


Kin. Vis. OAPI Water S Sulfur, Total Ash. Sulfated Ash, 
Waste Oil “100°R, Gravity. | Sediment, “Wet. “oWe. "OW. 
Source, Reference eS D287 Dit96o D129 I) te Dare 
we! pe AL 1.4 O21 0.50 
(2) Ye 2ho 0.6 (134 RY | 
wae 26.0 1.80 
aot 25.0) O21 Lol 
(3) 26.7 8 0.26 O10 
(a) 2h 24.6 6 
256 2.0 1.62 
lot al) ant bw 
Zh 18.0 216 
(s) 94 1.43 1.09 
Matavent \A.S.! Ob. 28.1 ‘Trace 35, 0.95 
Fes, Bb. DeRono. “lovestaating Waste Oil by Combustion. CCE Interim Report No. S000) ADE No. TT 2078, 
January LOT 4 
*Anonvmous, “Final Report ot the APE Task borer an Ud Oil Dispos” Amencan Petroleum fnstitute, New 
York, NV. May 1970, 
Soy. Liberman. “Combustion and Heat Recovers of Vie borce Waste Petroteum Oils and Lubricants.” Au Boree 
Weapons Laboratory Report No, MEWE-TR-TS-208. February 1974, 
. ™. Chane Wo Melos. and N. Sarprenant. “Waste Automotive Labreating Oitasa Municipal Inemerator Fuel” 
Fasironmental Protection Technology Series Report No. BP AR 273-293. September 1074, 
a 


Oi. A. Chappell. “Waste Onl Processing.” Commonwealth ot Massachusetts. Divison of Water Pollution Control 
Pablication No, 6722.00. TA ECICR. Lanuaey LOT. 


Hl. INVESTIGATION 
2. Details of Test. The details of the test are as follows. 


a. Plant Facilities/Operation. The powerplant system at the APG Messhall 
(Bldy. 2219) was selected for this second coubustion-cmissions lest because the fuel- 


te 


svstem design offered a simple and accurate method for coutcolling the waste oil/fuel 
oil cale. Phe burier system consisted of three fivetube. high-pressure boilers and three 
atl tired. dow pressure. rotary cup KEWANEE burners. This svstem, originally designed 
iobum a New bora No.5 Buel On was rated at 86.3 hp. SO80805 pounds of steani/ 
hour. and $500.720 Blas For this test. the fuel was to be metered directly to the 
burners froma F200-calon tank truck not only permitting accurate mining of the 
desired tucloilwaste oil ratio but also controlling delivers to the burners daring the 
steady “Hate emisstons test, 


b. Waste Oif Collection. The waste of used in this test was considerably 
heavier than that used inthe previous fest at the APG powe rheouse.? Todnsure thata 
sutficiently “heavy product” was tested. the waste oib was collected in 35-gallon drums 
located at the maine APG Post Exchange Service Station. consisted almost entirely 
of drained crankease of from commerctal-design vehicles with trace amounts of anti: 
freeze and hydrauhie brake (uid and some transmission fluid. fn addition, some water 
contamibation occurred trom improper drum covering and for closure procedures since 
the drums were positioned outside. This water, after settling. was pumped out prior to 
the combustion-emissions test to insure that the water contaminant did not influence 
the resultant stack emissions. A comparison of the characteristics of this collected 
“referee-ty pe” waste oil versus the waste oil used in the initial program is shown in 
Table 2. 


Fable 2. Comparison of APG Waste Oil 


Kan Vas. Gravity. Water Sulfur Total Ash. Ramsbottom 
Souree eH ONL Sediment, “We. “Wt, Carbon Residue, 
ey 207 1 1T96 pty 1) 12 je 
frieteal Combustion Toast $2.0 1.4 ad | O50 0.89 
Vest 
second Combeastion O07 2a 0.1 O39 1.00 £30 
lest 


e. | Fuel and Stach-Fimission Sampling. To assess the effect of this referee 
waste otbon combustion of No. 2 Fuel Oi the VELA again participated in monitoring 


stack emiesions. As before. two series of emissions tests were required. The first series 
af tests was anade while No. 2 Fuel Oil obtained from the 10.Q00-callon underground | 
storage tank located at the messhall facility was burned. Samples of this hase fuel were 
obtained from the sampling valve adjacent to the burner sv stem and from the ander- | 
wround storage tank prior to the baseline combustion-emissions test. Using this base } 


- to EB  DdeBeotvce, Trove steatien: Waste Oil by Conntestion. COL Intecun Report No, 3008, AD No. T72001, 
fatmary POTS, 


inet ti 


fuel, AEWA personnel monitored the stack emissions during three 2-hour runs. The 
details of the emissions stack sampling/analysis procedures performed by AEHA are 
presented in the Appendix. 


The second series of combustion-cmissions tests was made while the 
referee waste oil/fuel oil blend was burned. A 1200-gallon tank truck containing 200 
gallons of waste oil and 800 gallons of No, 2 Fuel Oil served as the temporary mixing 
reservoir, The resultant blend was pumped to the burner system from the bottom of 
the tanker via tubing, The 200 gallons of referee waste oil, collected in four 55-gallon 
drums, was sampled prior to mixing co assess the variation in composition and the 
occurrence of stratification. To possibly avoid any stratification occurring within the 
tanker, the waste oil from the four drums was pumped into the tanker at different 
time intervals. Although this precaution was taken, it was anticipated that stratification 
could occur due to the wide differences in API gravity between the waste product and 
the No. 2 Fuel Oil, In view of this, the waste oil/No, 2 Fuel Oil mixture was sampled 
at three levels in the tank truck top, middle, and bottom prior to initiation of the 
steady-state emissions tests, With this 20% volume “nominal blend” of waste oil in 
No. 2 Fuel Oib being used, the second series of combustion-cmissions tests was moni- 
tored by AEHA personnel during the three 2-hour runs. Details on the fuel oil samples, 
waste oil, and waste oil/fuel oil sample blends obtained during this second combustion- 
emissions test are provided in Table 3 with the analyses of the samples presented in 
Table 4. Accordingly. the emissions measured during this second combustion -cmissions 
test by AREA at the messhall facility are tabulated in Tables 5 and 6. 


3. Results of Test. The analy sis data on the “collected” waste oil samples indi- 
cated that stratification was occurring within the four drums. For that reason, the 
composite sample was taken (Sample No. 5. Table 5) to characterize the collected 
waste product. As noted, this composite waste consisted primarily of crankease drains 
as evidenced by its high viscosity and low APL gravity. After the 200 gallons of waste 
oil was introduced into the tank truck containing the 800 gallons of No. 2 Fuel Oil, 
the sample analysis indicated that satisfactory mixing had not Cecurred since the top, 
middle, and bottom samples (Samples 7.8. and 9) revealed the waste product to be 
stratifying. Although the nominal concentration of waste oil was 20%. the fuel oil/ 
waste oil blend was being fed to the burner system via a connection located at the 
bottom of the tanker. Because of this apparent stratification, the burner system was 
in fact combusting a fuel oil/waste oil blend of something in excess of the selected 20% 
volume ratio. Since the burner system was being fed primarily a “bottom sample” of 
fuel oil/waste oil during the three 2-hour runs of stack emissions measurements, the 
amount of waste oil in the No, 2 Fuel Oil for this “bottom sample” was determined by 
preparing known blends of waste oil in No. 2 Fuel Oil, The Kinematic viscosity for 
each of these blends was determined and plotted on a graph (see Figuee). From this 
graph, the concentration which corresponded to the viscosity of the bottom sample 
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(Sample No. 9) was interpolated and found to be 27%. 


Table 3. Wdentification of Fuel OU Waste Oil Samples 


Sample Date Sample Origines Sampling 
No Sampled ‘Type Location Depth Sample Description 

{ 8/2073 Waste Pram No.) Botton One of four drums of collected 
nl waste oil for combustion-cmissions 

test. 

a Hy as La Wiaste Drum No 4 lop Same as above. 
onl 

ze BL2O7T5 Waste Piru New $ Botte One of four drams of collected 
ol waste off for combustion-emissions 

test. 

1 He20T3 Waste Drum No. 4 ‘Top Satie as above. 

Onl 

4 B2OT3 | Waste Dress No. Middle ‘This was a composite sample tram 
«nl h238 84 all four drums of the collected 

waste oil, 

t V2NT3 Ne? hued Line « Fuel sample obtained prior te 
fuel Messhall initial baseline etnissions test at 
nil tmesshall. 

. tye Neat lank Truck Popof Sample taken from tanker contain: 
Fuel Fuel ing 200 gallons waste off and 800 
nd Tanker vallons fuel oil, 

8 er No.2 ‘Tank Track Middle ol Same ds above, 
buel buel 
Onl ‘banker 

9 Ue re No.2 Lank Preach = Heatteonn oof Same as above, 

Fuel bal 
onl lanker 
Ww 7200 Ne Contractor's Sample taken of Now 2 Fuel i 
bal Delivers delivered to messhall and other 
anil rock AVG facilities. 
or 
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Table 5. Combustion-Emissions Results from APG Messhall (Bldg. 4219) 


Results Obtained 


Mlk wable o No. 2 Fuel Oil No. 2 Fuel Oil + 
Test Parameter Leval Limit. (No Waste Product) ~~ 20° Waste Oil 
Emissions Rate: 
GR/SCF! 70.05 O.047 0.262 
Ib/MBtus 0.6 0.031 0.158 
Ib/heur — O14 0.938 
Visible Eimissions No. 2 Man? 0 1) 
Sulfur Content, Wt 0.30 0.20 0.35 
Trace Metal Emissions, 
GM/Day: 
Lead - 3.86 eZ 
Calcium - Nil 07 
Zine ~ l HO 
Magnesium - Nil $y 


| Corrected ta Ste excess air. dry basis, 25°C., and | atmosphere. 


» 
° Thos limit, amposed by the State of Maryland. applies only to r-sidual off burning equipment, 
As specified in AR EL-21, Ravironamental Pollution Abatement, 


‘ A maximum No, 2 rating on the Shell Bacharach Seale. 


The net effect of this 27% waste oil on air pollution regulations was explained 
by ARWA in their emissions survey report? This was explained in the following manner: 


@ AR I-20 Environmental Pollution Abatement limits emissions 
from boilers in Bldg. 4219 to 0.6 Ib/MBtu. 


@ The State of Marviand Bureau of Air Quality Control limits 
smoke emissions from distillate-fired boilers to a No, 2 rating 
on the Shell Bacharach Smoke Seale. No visible emissions are 
allowed except during start-up, and the sulfur content of the 
fuel oil is limited toa maximum of 0.304 wt. Residual oil 
burning equipment is limited to 0.03 GR/SCE, 


4 ALK. Paine and J. 0. Migins, Air Pollution Engineering Special Study No, 21-015-73/74, Waste Oil Utilization 


Program, Aberdeen Proving Ground.” April and September 1973, 
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DETERMINING THE CONCENTRATION OF WASTE OTL IN THE FURL 


Craoat, at ae aca, 1 alee, een iE (as 
i WASTE OLL CONCENTRATION} 0% 1u% eee 
TE OTL CONCINTR ee eres Bese ee arent 
MISCOSLIY 2 160° 3. Lbes S.dhes | | 4.903, 


ACTUAL VES UUSTTY = bolnes 


we 


CONCENTRALIUON OF BASTI 


ACTUAL 


D lu 15 Aat) 3) 30 


PLECENT WASTE GEL IN NO. 2 FURL OFL 


Determining the concentration of waste oil in the fuel. 


In applying these Limits to the initial combustion-emissions program wherein 
Ie waste oil was used at the main powerhouse feeility (Bldg. $45), no violation of any 
emission standards occurred. However, in reviewing the results from this latter program 


in whieh 27 waste off was coaoamed, there were indications that some emission stand- 


ards were violated. More specifically. the sulfur content of the waste oil/fuel off inivture 


was 35% (Note: a 0.30% maximum is permitted) and, more important, the particu- 
late emissions rate was 0.262 GR/SCE. (Note: 20.05 maximums cate is permitted.) 
This value is 773% greater than the maximum allowable rate and repre. nts a fivefold 
inerease aver the baseline level. However. VELA concluded that no emi sion levels 
were exceeded in this tustanee since there ere no emission standards for No. 2 Fuel Oil, 
(Note: the 0.038 GR7SCE maximum applies to residual fuels only.) ARTY personnel 
mauntained the position that a fuel oil/waste oil blend must be considered a distillate 
product if it meets the specification requirements given under Federal Specification 
VV-B-815C, Fuel Ou. Barner. \ tabulation of the inspection properties of this 27% 


waste oil/fuel oil blend versus the specification limits in VV-F-BISC is shown in Table 7. 


The Maryland Bureau of Vie Quality (MBAQ) initially informed this office that a fuel 
could not be considered a distillate if it conta ons a non-distillate product such as waste 
ah dn view of Chis. their initial position was that the particulate emissions rate for the 
20% waste oil blend was in violation of the MBAQ standards. However. in subsequent 
discussions between VELEN personnel and the MBAQ, tentative agreement was reached 
In favorot VEHEVS conclusions, (Note: the problem of defining a distillate versus a 
residual fuel in terms of applying emission standards has been presented to ASTM D-2 
Technical Committee Boon Burner and Diesel Fuel Oils for an offieial ruling.) 


The emission rates of the four trace metals analy zed showed a significant 
increase when the 27 waste oil was introduced. These increases were anticipated due 
to the nature of the “collected” waste produel whieh had high concentrations of engine 
oil drains. “Po provide additional information on this poml, samples of the products 
used in this combustion-emissions test and the presious program were analy zed for the 
four suspect metals: lead. zine. calcium. and magnesium? The results of these analy ses 
are shown in Table 8. Since neither VR 2b Ener MBAQ provides emission standards 
for these or any trace metals. the obtained emission rates for all metals were not con: 
sidered to be in violation although the rate for zine was relatively high, 


\s mentioned in the VEWA report.’ the combustion-cmissions test program 
war conducted on a short-term basis to observe whether significant increases in pactieu- 
late emissions would be evidenced with the addition of the waste oil component, No 


Yb Meltone. fnvestizating Waste Oil by Combustion.” GOL Diteran Report No. 30H AD No. TT2918, 


faauary 1974, 
"QR. Pane and (20. Hagin. 7 Are Polhation Engineering: Special Study No. 20-005.03/7 F Waste Oil E tibzation 
Progratn, Aberdeen Proving Ground. April and September 19733, 
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attempt was made to assess the potential deleterious effects of waste oil combustion on 
burner nozzles or heat-transfer surfaces of the boiler system. A previous study con- 
dusted for the State of Massachusetts revealed that allenpls to combust 100% waste 
vil resulted in severe operating problems in a 50-hp Cleaver-Brooks boiler sy stem.® 

The results of the Massachusetts’ study emphasized the need to remove or separate the 
inorganic ash materials from the waste product prior to combustion. More recently. 
under a US AF program addressing the feasibility of this approach. «perimental com- 
bustion tests were performed using ap to 10% waste oil in both No, 2 and No. 6 Fuel 
Oil?” The results of the USAF program revealed no short-terin air pollution effects of 
operational problems. 


I. CONCLUSIONS 


4.) Conclusions. The two combustion-cmissions programs conducted at APG 
demonstrated that waste oil can be incinerated as fuel-oil-blending components without 
attendant stack emissioas problems, However, the use of the 270 waste oil/fuel oit 
blend in the KEWANEE burner system produced emission rates which could be in vio- 
lation depending on whether the oarticular waste oil/fuel oil blend is defined as a resi- 
dual or a distillate product. Tie high particulate emissions evidenced were in part attet- 
butable to the rather inefficient operation of the rotary -cup atomizers employed in the 
burner system. This important variable involving burner-boiler configurations ean 
significantly affect and/or alter the emissions produced from the same waste oil/fuel 
oil mixture, Tt should be noted, however, that this combination of “heavy waste oil” 
and the burner system emploving rotary cup atomizers essentially represented a referee, 
or “worst case.” situation. Other burner systems employing the steam-assist atomizers 
could be expected to produce substantially lower particulate emissions, This limited 
data acquired from these two combustion-cmissions tests further supports the need for 
additional test programs to quantify the relationships between particulate emission 
rates, boiler-burner configuration and endurance, and long-term operation on waste oil/ 
fuel oi blends to identify any potential burner nozzle and heat-transfer-surface problem 
areas, 


Sin, Chappell, “Waste Oil Processing.” Commonwealth of Massachusetts, Divison of W ater Pollution Control 
Publication No, 6722-41-100-4-73-CR, January 1973. 


: M. Liberman, “Combustion and Heat Recovery of Air Force Waste Petroleum Oil» and Lubricants,” Air Force 
Weapons Laboratory Report No. AFWL-TR-73-244, February 1974. 
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APPENDIX 
SAMPLING AND ANALYTICAL METHODS 


1. Sampling Methods. 
a. Particulates. 


(Ly) The particutate tram used consisted of a probe tip. heated stainless steel 
probe. uhiss cvelone. and glass Ober filter in cheated chamber: four Greenburg Smith 


ipiigers nantes bath: vector: pumps gasimeters and calibrated oritice. 


(2) beohinetie sampling cConditiogs were mambamned: as close as possible by 
controlbing ptrpe sv teutiens in relation to pertinent -vstem: parameters sa that the velo- 
cityoot the gas enter the probe tip was equal te the velocity of the surrounding gas 
stream. The was velocity: wae determined by use of an S type pitot tbe. Temperature 


wasmeasured with oehrome! aliamel thermocouple, 


(3) The particulate was coflected at several points across the stack diameter. 
Two diameters 900 apart were traversed. The number of sampling points was determined 
by the stuck diameter and distance above and below tlow disturbances. Tn this case. 10 
pomts on cock of two diameters were sampled for boilers in Bldgs. $45 and 4219, 


b. Moisture. Voiture determination was made from the change in weight of 
the tmpinger containing shea gel and the change in hiquid volume of the other three, 
Impingers Pand 2contened 100 mi of HO. impinges 3 was empty. and impinger 4 


contained silica well 


¢. Gaseous Sampling. \ Mylar bag sample was collected concurrently with each 
particulate somple. The sampling velocity was maintained proportional co stick gas 
Velocity for the entire test. 


2. Analytical Methods. 


a Particulates. Particulate determination was accomplished by measuring the 
weight change of the particulate traps inthe system. The hiss eselone and the probe 
were washed with acetone. The washing: were combined and dried to constant weight 
anda final werkt wae taken. Vn acetone blink was abe inehaded. The elise fiber filter 
was dried to constant weight tna desiccator and weighed. In aecordance with ASME 
Power Test Code 270° condensible particulates collected inthe impingers were not in: 


cluded as particulate matter, 

b. Moisture. Moisture content was determined by weighing Cour impingers be- 
fore and after sampling. 

t. Gases. \ Fisher Hamilton Gas Partitioner was used to determine COs, Os, 
Ne oand CO do the Mylar bag samples. 


© Power Tet Code No 27. "Determine Duet Concentration ma Gas Stream” .dopted 29 Apnl 1957. the Amenean 
Sodiety ot Mechanical Faganeers, 


i 


